Abstract-It was shown from geometry and photographic measurement that the shading pattern for a sinusoidal corrugated surface of frequency f approximates to a luminance-de ned grating of frequency f , 2f or f C 2f in speci c relative phase. It was con rmed that a luminance grating modi es the appearance of a suprathresholdstereoscopiccorrugated surface, suggesting an interaction between shading and binocular disparity. Disparity thresholds for detecting random-dot, disparityde ned gratings of spatial frequency 0.2 or 0.4 c/deg were measured in the presence of luminance gratings of spatial frequency 0.4 c/deg with the same orientation. Phase-speci c facilitation of disparity thresholds was greatest for a phase relationship inconsistent with shading of a corrugated surface, and was disrupted by positional uncertainty. The presence of texture-de ned lines (which served to mark explicitly the successive spatial locations of salient depth features in the image) produced a similar pattern of facilitation, in the absence of shape-from-shading cues. The pattern of results indicates direct local interactions, including spatial cueing, rather than interaction of depth cues.
INTRODUCTION
One possible strategy to explore the way the visual system combines different kinds of information is to study interactions between the most elementary stimuli in each class. Random-dot stereograms were originally devised in order to isolate stereoscopic depth cues from monocular cues to shape (Julesz, 1971) . The introduction of sinusoidal, luminance-de ned gratings in vision research likewise led to the isolation and analysis of early vision mechanisms sensitive to spatial contrast (Robson, 1966; Campbell and Robson, 1968) . In this paper we consider whether a luminance grating added to a disparity-de ned grating alters disparity-detection thresholds. We consider three possible ways that such an interaction might occur. First, a visible contrast pattern may affect the detection of a spatially corrugated disparity pattern by spatial cueing effects (Burgess and Ghandeharian, 1984; Pelli, 1985) . Second, there may be a direct spatial interaction between luminance contrast and disparity, such that disparity thresholds are affected by the simultaneous presence of a luminance pattern (Rohaly and Wilson, 1999; Kelly and Grossberg, 2000) . Thirdly, appropriate shading may facilitate the detection of the disparity grating by contributing to a common representation of depth.
We will show that a stimulus composed of a sinusoidal luminance grating added to a disparity grating is a good approximation to the shading and disparity cues generated by an actual sinusoidal corrugated surface. Visual systems need to recover the three-dimensional structure of the environment from depth cues such as binocular disparity (stereopsis), motion parallax, texture and shading. An important question is how these various depth cues interact. For example, there is a close relationship between stereopsis and motion parallax (Rogers and Graham, 1979, 1982; Graham and Rogers, 1982; Bradshaw and Rogers, 1996) . Evidence suggests that motion parallax and stereopsis are strongly inter-linked at an early stage of processing. Interactions between binocular disparity, perspective and texture gradient cues have also been studied (Cumming et al., 1993; Johnston et al., 1993) . This work suggests that texture gradients and perspective can combine with disparity information under some circumstances.
Interactions between shading and binocular disparity have been reported by a number of researchers. Bülthoff and Mallot (1988, 1990 ) studied the interaction between shading and disparity depth cues using shaded ellipsoids. They concluded that both shading and disparate shading can generate depth, but edge-based disparities can override local shading as a depth cue. Shading cues are known to interact with, or augment, stereoscopic information when both are consistent (Todd et al., 1997; Doorschot et al., 2001) . One difference between disparity and shading information is that there is no direct correspondence between shading and relative depth. Thus integration of shading and disparity information may affect representations of curvature or shape rather than depth (Tittle et al., 1998) .
The aim of the present experiments was to determine whether a luminance grating can in uence (a) the detection threshold and (b) the suprathreshold appearance of disparity-de ned gratings, and whether this interaction is phase speci c. Control conditions are included to distinguish local interactions and spatial cueing from cue-combination effects.
MODELLING AND OBSERVATION OF IMAGE LUMINANCE FOR CORRUGATED SURFACES
Consider a Lambertian corrugated surface of uniform re ectance, and spatial frequency f that is horizontal, perpendicular to the line of sight and illuminated by a single directional light source. Because the surface luminance at each point in the
